Background Gastrectomy with systemic lymphadenectomy is the standard of care for resectable gastric cancer (GC), but it is sometimes associated with postoperative morbidity. Predicting complications is therefore an essential part of risk management in clinical practice. The renal function is routinely evaluated before surgery by blood examinations to determine dose of medication and infusion. However, the value of various parameters of renal function in prediction of postoperative complications remain unclear. Methods We included 315 patients who underwent curative D2 gastrectomy for clinical T2-T4 GC without preoperative treatment, and evaluated the correlation between the incidence of postoperative complications and the indicators of renal function. Results Forty-three patients experienced clinically relevant postoperative complications. Estimated glomerular filtration rate (eGFR) showed a higher area under the curve for predicting complications compared with urea nitrogen, creatinine, and creatinine clearance. The optimal eGFR cutoff value was 63.2 ml/min/1.73 m 2 , and eGFR \ 63.2 was an independent risk factor for postoperative complications in multivariable analysis (odds ratio 4.67; 95 % confidence interval 2.16-10.5; p \ 0.001). Particularly, the incidence of anastomotic leakage was significantly higher in patients with eGFR \ 63.2 than those with eGFR C 63.2 (9.4 % vs. 3.5 %). eGFR \ 63.2 was also associated with a higher incidence of postoperative complications independent of age, body mass index, operative procedure, and clinical disease stage. Postoperative hospital stay was significantly longer in the eGFR \ 63.2 group. Conclusions Preoperative eGFR is a simple and useful predictor for complications after gastrectomy in patients with GC and may improve clinical care and the process of obtaining informed consent.
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Results Forty-three patients experienced clinically relevant postoperative complications. Estimated glomerular filtration rate (eGFR) showed a higher area under the curve for predicting complications compared with urea nitrogen, creatinine, and creatinine clearance. The optimal eGFR cutoff value was 63.2 ml/min/1.73 m 2 , and eGFR \ 63.2 was an independent risk factor for postoperative complications in multivariable analysis (odds ratio 4.67; 95 % confidence interval 2.16-10.5; p \ 0.001). Particularly, the incidence of anastomotic leakage was significantly higher in patients with eGFR \ 63.2 than those with eGFR C 63.2 (9.4 % vs. 3.5 %). eGFR \ 63.2 was also
Introduction
Gastric cancer (GC) is a common malignant tumor of the gastrointestinal tract and is considered a major public health threat worldwide [1] [2] [3] . Gastrectomy with systemic lymphadenectomy is an important factor in the treatment of this disease [4, 5] . Despite technical advances and improvements in perioperative care, the procedure carries high morbidity and a protracted recovery period, and surgeons are now legally bound to inform patients of the potential risks involved with treatment [6, 7] . Essential to the decision-making process before surgery is identification of those patients most at risk of developing a serious complication. Therefore, developing a prediction tool based exclusively on preoperatively determined factors is warranted, and an ideal model to predict complications in surgical patients should be simple, have minimal cost burden, and be readily applicable to all patients and hospitals [8] .
Several parameters such as body mass index (BMI), C-reactive protein, albumin, prognostic nutrition index, and Glasgow prognostic score have been reported as predictive factors for complications after gastrectomy, but their clinical utility remains controversial [9] [10] [11] [12] . Although integrated scoring systems such as POSSUM, APACHE II score, and the comprehensive geriatric assessment arguably possess greater predictive performance compared with single parameters, these scoring systems are unlikely to become routine assessment tools in clinical practice because they are highly labor intensive [13] . Evaluation of renal function is included in a routine preoperative screening to determine the optimal dose of medication and infusion. Serum creatinine (Cr), urea nitrogen, creatinine clearance (CCr), and estimated glomerular filtration rate (eGFR) are convenient indices to determine the renal function [14] . Hayashi et al. reported that low baseline CCr was significantly associated with postoperative complications in patients who underwent neoadjuvant S-1 plus cisplatin followed by D2 gastrectomy [15] . However, to our knowledge there have been no studies comparing the usefulness of preoperative levels of renal function indicators for predicting postoperative complications following digestive surgery in patients without prior treatments.
Our aim was to evaluate the predictive value of renal function indicators, simple parameters based on data from routine laboratory tests, for morbidity after gastrectomy and to propose the optimal cutoff value.
Patients and methods

Ethics
This study conforms to the ethical guidelines of the World Medical Association Declaration of Helsinki-Ethical Principles for Medical Research Involving Human Subjects, and written informed consent for surgery and the use of clinical data was obtained from all patients as required by the Institutional Review Board of Nagoya University [16] .
Patient inclusion
Between January 1999 and May 2016, 1098 patients underwent gastrectomy for GC at the Department of Gastroenterological Surgery, Nagoya University. Of these, we retrospectively selected 315 patients for analysis according to the following inclusion criteria: no preoperative treatment, R0 gastrectomy performed, D2 gastrectomy performed according to the Japanese Gastric Cancer Treatment Guidelines [17] , clinical T2-T4 (advanced) GC according to the TNM Classification of Malignant Tumours, 7th Edition [18] , and sufficient data for analysis ( Fig. 1 ).
Perioperative treatment
Gastrectomy with D2 or further lymphadenectomy was performed according to the Japanese Gastric Cancer Treatment Guidelines [17] , and the choice of the reconstruction method was at the surgeon's discretion. A first-generation cephem-based antibiotic was administered immediately before surgery and every 3 h during surgery [19] . Oral intake was routinely started on postoperative day 1, if patients had no obvious problems. Percutaneous drainage or the replacement of drainage tubes was performed when signs of inadequate drainage were found by computed tomography scan or ultrasound [20] . Clinically relevant postoperative complications were defined as grade III or IV complications according to the Clavien-Dindo classification [21] .
Evaluation of the predictive value of preoperative renal function indicators
Blood examinations were conducted routinely 2 days before surgery. eGFR was calculated as follows for males: eGFRðml=min=1:73m 2 Usefulness of preoperative estimated glomerular filtration rate to predict complications… 737 method as follows for males: ½ð140 À ageÞ Â body weightðkgÞ=ð72 Â CrÞ; and for females: ½ð140 À ageÞ Â body weight ðkgÞ Â 0:85=ð72 Â CrÞ [14] . We also evaluated the correlations between the incidence of clinically relevant postoperative complications and potential predictive factors and performed a subgroup analysis in which the patients were stratified according to age, BMI, type of gastrectomy, and clinical disease stage.
Statistical analysis
The sensitivity and specificity of the nominated variables to predict postoperative complications were assessed using a receiver operating characteristic curve analysis [22] . Goodness-of-fit was assessed by calculating the area under the curve (AUC), and the optimal cutoff value was determined using the Youden index [23] . The qualitative v 2 test and quantitative Mann-Whitney test were used to compare the two groups. Multivariable analysis to identify independent risk factors for postoperative complications was performed using binomial logistic analysis, including variables with p \ 0.1 as covariates in the final model. All statistical analyses were performed using JMP 10 software (SAS Institute, Cary, NC, USA). A statistically significant difference was indicated by a p value \0.05.
Results
Patient characteristics
The baseline clinical characteristics of the 315 patients are summarized in Table 1 . Median age was 66 years, and male-to female ratio was 234:81. Regarding clinical tumor depth (cT), 143, 104, and 68 patients were classified as cT2, cT3, and cT4, respectively, and 91, 74, 68, 59, 16, and 7 patients were classified as clinical TNM stages IB, IIA, IIB, IIIA, IIIB, and IIIC, respectively. The mean eGFR was 74.1 ml/min/1.73 m 2 .
Predictive value of eGFR and its relevant parameters
Forty-three patients (13.7 %) had grade III or IV postoperative complications. The AUC value indicating power to predict postoperative complications was 0.597 for urea nitrogen, 0.656 for Cr, 0.630 for CCr, and 0.661 for eGFR. Thus, eGFR was found to have the best predictive power among various indicators of renal function. The optimal cutoff value for predicting complications with eGFR was 63.2 ml/min/ 1.73 m 2 (sensitivity = 53 %, specificity = 78 %) (Fig. 2a) . Compared with the eGFR C 63.2 group, patients in the eGFR \ 63.2 group were associated with older age, higher (Table 2 ). Postoperative hospital stay was significantly longer in the eGFR \ 63.2 group than in the eGFR C 63.2 group (Fig. 2b) . With respect to the types of complications, the cumulative number of patients who experienced anastomotic leakage, leakage of pancreatic fluids, intraabdominal abscess, bowel obstruction, cardiopulmonary dysfunction, and the other complications were 16 (5.1 %), 15 (4.8 %), 10 (3.2 %), 3 (1.0 %), 2 (0.6 %), and 9 (2.9 %), respectively. Among them, incidence of anastomotic leakage was significantly associated with preoperative eGFR levels (Fig. 3a) .
To further investigate the relationship between preoperative eGFR and postoperative complications, we performed a multivariate binomial logistic analysis involving other potential risk factors (only those determined before surgery), which showed that eGFR \ 63.2 was an independent risk factor for postoperative complications (odds ratio 4.67, 95 % confidence interval 2.16-10.5, p \ 0.001) ( Table 3) .
Subgroup analyses
We performed subgroup analyses to evaluate the clinical impact of preoperative eGFR on patient postoperative course. The 315 patients were subdivided according to age (\65 or C65 years), preoperative BMI (\22 or C22), operative procedure (total or partial gastrectomy), and clinical disease stage. Our results showed that patients with preoperative eGFR \ 63.2 experienced a higher incidence of postoperative complications in all subgroups (Fig. 3b) , indicating that preoperative eGFR is applicable to various clinical settings.
Discussion
Our results support a significant relationship between preoperative eGFR and postoperative complications such as anastomotic leakage. eGFR had the highest AUC value among the renal function-related indicators for the incidence of postoperative complications. Low preoperative eGFR was identified as an independent risk factor for postoperative complications in the multivariable analysis. Also, low preoperative eGFR was associated with a higher incidence of postoperative complications independent of age, BMI, operative procedure, and disease stage. Reflecting these findings, postoperative hospital stay was prolonged in the low preoperative eGFR group. Preoperative eGFR is a simple potential prediction tool for complications after gastrectomy that can be added to the clinical judgment and experience of the surgeons for Analyses were performed using binomial logistic analysis CI confidence interval, UICC Union for International Cancer Control
Usefulness of preoperative estimated glomerular filtration rate to predict complications… 741 estimating the risk of adverse outcomes for GC patients. The use of this prediction tool could help in patient counseling and the informed consent process and can identify high-risk patients to tailor perioperative care and improve postoperative short-term outcomes [13, 24] . Our data also suggest that eGFR could become a potential constituent of integrated scoring systems for surgical risk assessment [24, 25] . Our results indicated the threshold level of preoperative eGFR that is associated with an incidence of postoperative complications. The eGFR cutoff value of 63.2 ml/min/ 1.73 m 2 is classified as stage G2, indicating individuals with normal or minimal chronic kidney damage, according to the Kidney Disease Improving Global Outcomes group guidelines [26] . Patients at stage G2 are considered nonchronic kidney disease patients unless continuous proteinuria is present [26] . Our results indicated that eGFR is a useful tool capable of determining patients at risk of postoperative complications even while they are asymptomatic and lacking clinical signs of renal dysfunction.
The association between eGFR and an underlying host characteristic that predisposes to postoperative complications in patients with GC remains unclear. A plausible explanation is that low eGFR may reflect compromised function in major organs that is associated with host vulnerability [14, 27] . Even in patients with subtle disease, deterioration of drug metabolism/excretion and edema of the tissues resulting from water-electrolyte imbalance may result in poor wound healing, insufficient infection control, and, ultimately, the development of serious complications [28, 29] . Moreover, it has been reported that immune response deficiency is common in patients with chronic kidney diseases [30] . For example, functional competence of monocytes and macrophages is diminished in those patients despite elevated levels of cytokines [31, 32] . Contin et al. reported that high levels of serum-soluble CD40 correlate with elevated serum creatinine, suggesting humoral immune defense is also compromised [33] . Thus, humoral and cellular immune dysfunction might contribute to aggravation of postoperative complications in patients with low eGFR.
Our study has certain limitations, including that this was a retrospective study performed in a single institute involving data from a medical database from a limited number of patients. As we focused on D2 gastrectomy for advanced GC, the predictive value of eGFR in cT1 GC remains to be determined. Also, data on duration of drain placement and fasting, which might deepen discussion on the association between preoperative eGFR and deteriorated healing, were unavailable at the time of this study. Our findings require validation by further large-scale prospective studies.
In conclusion, our results indicated that preoperative eGFR is a useful predictor of complications after gastrectomy in patients with GC. Risk stratification according to preoperative eGFR can be used in the decision-making process before gastrectomy and may eventually improve clinical care, as well as the process of obtaining informed consent.
